New Disease Endangers Florida's Already-Suffering Citrus Trees
Researchers are mobilizing to stop a wily bacterial marauder spread by invasive insects, but massive losses appear inevitable AGRICULTURE Things are going from bad to worse for citrus growers in Florida, the state that produces most of the oranges, grapefruit, and limes grown in the United States. The $9 billion industry has spent much of the past decade wrestling with an epidemic of canker that cut production by roughly a third. In a long, drawn-out effort to eradicate the wind-borne bacteria, 12.7 million trees-among them 10% of Florida's commercial acreage-have been cut down at a cost of $600 million including compensation. But in January, the U.S. Department of Agriculture (USDA) decided that eradicating canker was a lost cause and halted its efforts.
Even more dire news arrived last August, when a team of scientists discovered two cases of citrus greening in South Florida. Greening is "probably the worst citrus disease in the world," says Harold Browning, who directs the University of Florida's Citrus Research and Education Center (CREC) in Lake Alfred. Whereas canker just makes trees less productive and blemishes fruit, greening renders it totally unusable and eventually kills the trees.
Researchers think it will be impossible to stop the disease from conquering the state, because the pathogen, a bacterium called Candidatus liberibacter, is spread by an introduced insect that has run rampant across Florida. Even just getting a firm grasp of the situation is devilishly tricky: Infected and contagious trees don't show symptoms for several years. "It's commonly widespread before it's discovered," says plant epidemiologist Timothy Gottwald of USDA in Fort Pierce, Florida. "It's almost below the threshold of detection until it explodes."
The goal now is to contain that explosion as much as possible. A nationwide survey of citrus states is under way, and researchers are racing to sequence the genome of the bacterium in hope of developing new tests to detect the microbe. At the same time, research is also aimed at finding ways to help growers manage the disease, such as the most effective way to spray insecticides. A preliminary response plan released last month by USDA and the Florida Department of Agriculture and Consumer Services (FDACS) lays out strategies for keeping nurseries disease-free. But with two major pathogens likely entrenched in Florida-and more looming on the horizon-some researchers say only the distant prospect of citrus trees engineered for resistance may save the industry.
Worldwide menace
There's good reason to be concerned about greening. The disease has devastated citrus crops across the world, ravaged by three species of the bacterium. Trees become stunted and lose leaves. Instead of living for decades, they die after just 5 to 8 years. Their fruit can be lopsided, small, and green (hence the name), and they make vile juice. "It tastes like jet fuel mixed with Vicks VapoRub," says David Hall, an entomologist with USDA in Fort Pierce, Florida. Throughout China and India, the Asian species of C. liberibacter-now present in In August, inspectors spotted a pomelo tree that had lost its leaves and had misshapen fruit on a small farm near Florida City, in the southern end of the state. "The alarm bells really started ringing," Gottwald recalls. After two government labs confirmed the presence of greening, more survey teams were sent out and quickly found the disease as far as 270 kilometers north. "It became clear that this had spread beyond anything we could get our arms around," Gottwald says. Last month, greening was confirmed in DeSoto County, the 12th county to date. A more detailed statewide survey of incidence and severity will begin next month to look for hot spots. And the USDA has begun coordinating a broader 6-month-long survey of citrusproducing states-California, Arizona, Texas, and Louisiana-looking for both greening and psyllids.
Accurate surveying is not easy. Detecting early stages of greening-before the fruit is affectedis a major challenge, as the symptoms resemble nutrient deficiency. "It's easy to get fooled," says plant pathologist Ronald Brlansky of the University of Florida's CREC in Lake Alfred. The current molecular test, based on the polymerase chain reaction (PCR), is reliable for confirming a symptomatic infection, but only when levels of bacterium in the sample are high. It also looks for just two genetic loci, which means the test could be missing new species of the pathogen, says plant pathologist and geneticist Dean Gabriel of the University of Florida (UF), Gainesville. Indeed, several highly symptomatic trees have tested negative for the Asian species by PCR, Gabriel says.
Soon after greening was discovered, USDA gave Gabriel a $117,000 grant to sequence the C. liberibacter genome. Because researchers don't know how to grow the organism in the lab, what would otherwise be a trivial sequencing effort is painstaking work, so Gabriel's group has to rely on infected trees in a biosafety level 3 facility. Gabriel expects to complete the sequencing in the next 6 months.
The inability to culture the bacterium is a serious problem. Unless researchers can grow the bacterium in petri dishes, they are handicapped in discovering which genes make it so destructive. They also can't screen for antimicrobial compounds in vitro or generate various detection methods such as those that rely on monoclonal antibodies. But culturing the bug is a tall order: "Some of the best labs in the world haven't been able to achieve this," says Gottwald, who thinks it could require concerted effort by multiple labs and millions of dollars. Brlansky has begun work in this direction with Michael Davis of UF Homestead and plant pathologist John Hartung of USDA in Beltsville, Maryland.
In the meantime, officials are trying to figure out the best way to manage the disease. Last month, USDA and FDACS released a draft response plan for greening that specifies measures for slowing the spread and preventing it from reaching other states. The major steps include inspecting nursery stock to make sure it's disease-free. Nurseries will be required to grow their citrus in screened greenhouses in approved locations. But exactly how far away nurseries must be isolated from groves is controversial; moving facilities could be an enormous expense for nurseries that are already suffering from major losses due to canker. The regulation has not yet been finalized.
The answer depends on unknowns such as how far psyllids can fly. USDA's Hall and other researchers are studying the psyllid, trying to learn more about its ecology. In addition to helping set guidance for nurseries, the information could help determine the most effective times and doses for citrus growers to spray insecticides. Experts say biocontrol is unlikely to work well in Florida, in part because parasites hold back the wasps used for biocontrol. "With greening, there really aren't many tools," says UF's Browning.
One major question is how big a problem the infected trees of homeowners will be. Although these trees will be sources of bacterium until they die, the state won't require their removal, says Timothy Schubert, a plant pathologist with FDACS, citing "political realities." His department will try to educate homeowners about the need to quickly destroy sick trees, he says, but such attempts were only marginally effective with canker.
Another question is whether orange jasmine is a host for greening. If so, there would be concerns that shipments of the plant might have spread greening to other states that already have psyllids, such as Texas. (After the discovery of greening, Florida quarantined citrus and citrus relatives in nurseries.) In Brazil, scientists are convinced that orange jasmine can be infected by their species of the bacterium. Some jasmine tested in the United States contains faint, ambiguous signs of DNA from the Asian species of bacterium that's present in Florida. Researchers at USDA's labs in Fort Detrick, Maryland, are continuing to investigate.
Even though only 615 trees have been confirmed positive so far, Schubert and others expect the number to rise drastically, with a major impact on the citrus industry. The problem will be compounded by a shortage of healthy trees to replace them, due to the crisis at nurseries. In the long term, says Schubert, "the brightest hope of any semblance of an industry like we have had up till now is genetic engineering." Gabriel and a few other researchers are working on engineering resistance to canker and other diseases into citrus, but no one has yet figured out how to develop resistance to greening. "That's going to take years," says Gabriel.
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